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ABSTRACT
Background: Engaging in healthy behaviors may help to preserve function during aging;
however, it is not well understood how sleeping time is associated with functional capacity in
older adults.
Aims: We sought to determine the association of sleeping time on functional limitation in a
national sample of older Americans.
Methods: The analytical sample included 6,020 adults aged at least 65 years who participated in
the 2007-2016 waves of the National Health and Nutrition Examination Survey. Respondents
indicated their hours of sleep/week night and were categorized as <5, 5-6.5, 7-8, 8.5-9, and >9
hours of sleep/week night. Ability to complete 19 functional tasks including basic activities of
daily living, instrumental activities of daily living, leisure and social activities, lower extremity
mobility activities, and general physical activities were also self-reported. A covariate-adjusted
logistic model analyzed the associations between each sleeping time category and functional
limitation.
Results: Relative to those reporting 7-8 hours of sleep/week night, older Americans reporting
<5, 5-6.5, 8.5-9, and >9 hours of sleep/week night had 2.02 (95% confidence interval (CI): 1.26,
3.21), 1.25 (CI: 1.02, 1.53), 1.60 (CI: 1.21, 2.12), and 3.21 (CI: 2.12, 4.87) greater odds for
functional limitation, respectively.
Discussion: Sleep should be recognized as a health factor that may reflect functional capacity in
older adults. Healthcare providers should discuss the importance of optimal sleep with their older
patients and older adults should practice healthy sleeping behaviors for preserving function.
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Conclusions: Not meeting optimal sleep recommendations is associated with functional
limitations in older Americans.
Keywords: Aging; Epidemiology; Geriatrics; Health; Life Style; Sleep; Physical Function
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INTRODUCTION
Functional capacity is often measured by questionnaires where respondents self-report
their ability to complete tasks that are generally necessary for autonomous living or basic selfcare [1]. Living with a functional limitation increases the risk for other health concerns such as
depression, hospitalization, and early all-cause mortality [2-4]. Moreover, those living with
functional limitations have higher medical costs than those without functional limitations [5].
The proportion of adults with functional limitations have increased over time likely due to the
increasing proportions of older adults, who generally have higher rates of functional limitations
[6, 7]. Age is a primary risk factor for functional limitations, and the older adult population in the
United States is projected to increase by about 112% by the year 2060 [8, 9]. Therefore, lifestyle
behaviors that preserve functional capacity should be encouraged during aging.
Restorative sleep has emerged as an important lifestyle behavior for good health [10].
Although older adults benefit from the health characteristics of restorative sleep, they experience
age-related changes to their sleep architecture that may influence their sleeping patterns [11].
Sleep problems and poor sleep quality have shown to be associated with functional limitations in
older adults. For example, a prospective cohort study of 3,620 adults aged 24-75 years found that
self-reported chronic sleeping problems increased the risk for functional deficits over a 10-year
study period [12]. Likewise, a cross-sectional investigation of 213 adults 65 years and older
revealed that self-reported poor sleep quality was associated with functional limitations [13].
These observations are also conceptually consistent with findings highlighting the role of sleep
in motor memory consolidation [14-16]. Given that sleeping problems and quality are associated
with functional declines, not meeting or exceeding sleep recommendations (i.e., time spent
sleeping) may also be linked to diminished functional capacity.
4

Promoting healthy lifestyle behaviors such as adequate restorative sleep may help to
improve health during aging; however, sleep is not well studied in older adults [17].
Understanding how under- and over-sleeping is associated with not only functional limitations,
but also limitations in the individual aspects of function, may help to provide insights into how
sleep is linked to functional capacity. Such findings may help to guide intervention strategies for
preserving function during aging. Accordingly, the purposes of this study were to determine the
associations of sleeping time and 1) functional limitation, and 2) limitations in each aspect of
functional in a national sample of older Americans.
METHODS
Participants
Publicly available data from 7,013 adults aged at least 65 years who participated in the
2007-2008, 2009-2010, 2011-2012, 2013-2014, or 2015-2016 cross-sectional waves of the
National Health and Nutrition Examination Survey (NHANES) were analyzed. The NHANES is
a program of studies designed to examine the health and nutritional status of American children,
adolescents and adults [18]. Mobile examination centers and survey interviewers traveled to
various locations throughout the United States. Health interviews were completed in
respondents’ homes using computer-aided interview systems, and participants visited mobile
examination centers for enhanced exams [19].
To produce reliable data that were representative of all ages and ethnicities in the United
States, oversampling occurred in older adults, non-Hispanic Asians, non-Hispanic Blacks and
Hispanics [18]. Overall interview response rates for each wave of the NHANES included in our
analyses were above 61% [20]. A complex, four-stage probability sample design was utilized by
5

the NHANES to create a representative sample of non-institutionalized persons residing in the
United States. Sample weights were used in our analyses to produce an unbiased national
estimate and account for the sampling methods [21, 22]. Each participant provided written
informed consent, and NHANES protocols were approved by the National Center for Health
Statistics Research Ethnics Review Board.
Response Variables
Respondents told interviewers if they had no difficulty, some difficulty, much difficulty,
or were unable to complete 19 tasks from five different aspects of function. These aspects
included: basic activities of daily living (BADL; “getting in and out of bed”, “using a fork, knife,
and cup”, “walking between rooms on the same floor”, “dressing yourself”), instrumental
activities of daily living (IADL; “house chores”, “managing money”, “preparing meals”), leisure
and social activities (“going out to movies and events”, “leisure activities at home”, “attending
social events”), lower extremity mobility activities (“walking up 10 steps”, “walking for a
quarter mile”), and general physical activities (“grasping or holding small objects”, “lifting or
carrying”, “reaching up and over the head”, “sitting for long periods of time”, “standing for long
periods of time”, “standing up from an armless chair”, “stooping, crouching, kneeling”).
Those reporting that they had some difficulty, much difficulty, or were unable to perform
any of the 19 tasks were considered as having a functional limitation. Similarly, respondents that
indicated some difficulty, much difficulty, or were unable to perform any task within each of the
five aspects of function were considered as having a limitation in that individual aspect. Several
studies have used such criteria for defining functional limitations with NHANES data [23-27].
Those without information for functional limitations were excluded (n=14).
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Explanatory Variables
Interviewers asked respondents “How much sleep do you usually get at night on
weekdays or workdays”. Open ended responses to the nearest 30 minutes were used to categorize
participants’ sleeping time based on national sleep recommendations for older adults [28]. The
“recommended” amount of sleep according to the National Sleep Foundation guidelines for older
adults are 7-8 hours [28]. It is “not recommended” for older adults to get <5 or >9 hours of sleep
and “may be appropriate” for older adults to get between 5-6 or 9 hours of sleep [28]. Therefore,
using these recommendations, we created the following categories: <5, 5-6.5, 7-8, 8.5-9, and >9
hours of sleep. Those without information for sleep were excluded (n=22).
Covariates
Age, sex, race and ethnicity (Hispanic, non-Hispanic Black, non-Hispanic White, other)
and marital status (married, not married). Standing height was measured with a fixed stadiometer
and body mass was collected with a digital scale (Mettler-Toledo International Inc.; Columbus,
OH, USA). Body mass index was calculated as body mass in kilograms divided by height in
meters-squared (kg/m2). Those with a body mass index of ≥30 kg/m2 were considered obese.
Respondents told interviewers if they had smoked at least 100 cigarettes in their lifetime
(smoking history) and/or if they were currently cigarette smokers. Respondents also indicated if
a doctor had ever diagnosed them with diabetes. A single-item measure of self-rated health was
used and respondents rated their general health as “excellent”, “very good”, “good”, “fair”, or
“poor”.
The well-validated 9 item Patient Health Questionnaire was used to identify depressive
symptoms [29, 30]. Participants reported how often (0: not at all; 1: several days; 2: more than
7

half the days; 3: nearly every day) they were bothered by the following in the previous two
weeks: “having little interest or pleasure in doing things”, “feeling down, depressed or hopeless”,
“trouble with sleeping or sleeping too much”, “feeling tired or having little energy”, “poor
appetite or over eating”, “feeling bad about yourself”, “trouble concentrating on things”,
“moving or speaking slowly or too fast”, and “thoughts that you would be better off dead or of
hurting yourself”. Scores ranged from 0-27 and those with scores ≥10 were considered depressed
[29]. Those without information for one or more covariates were excluded (n=957).
Statistical Analyses
All analyses were conducted with SAS 9.4 software (SAS Institute; Cary, NC). A logistic
regression model that accounted for the sample weights (PROC SURVEYLOGISTIC)
determined the associations between each of the sleep categories with functional limitations. The
sample weights were included in the PROC SURVEYLOGISTIC statement using the
“WEIGHT” option. To maintain the integrity of the NHANES sampling design, and thus the
survey weights, the “DOMAIN” option was used to perform analyses only on eligible
participants. Separate logit models (PROC SURVEYLOGISTIC) also analyzed the associations
between sleeping time categories and limitations in the individual aspects of function (BADL;
IADL; leisure and social activities; lower extremity mobility activities; general physical
activities). Those categized as meeting national sleep recommendations for older adults (7-8
hours) [28] were the reference group and each of the logistic models were adjusted for age, sex,
race and ethnicity, obesity, smoking status, diabetes diagnosis, self-rated health, and depression
status. An alpha level of 0.05 was used for all analyses.
RESULTS
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There were 6,020 participants across the five NHANES waves analyzed (1,319 in the
2007-2008 wave; 1,270 in the 2009-2010 wave; 1,058 in the 2011-2012 wave; 1,162 in the 20132014 wave; 1,211 in the 2015-2016 wave). This corresponded to a weighted total of 180,793,089
(31,138,452 in the 2007-2008 wave; 33,287,082 in the 2009-2010 wave; 34,301,029 in the 20112012 wave; 39,022,884 in the 2013-2014 wave; 43,043,642 in the 2015-2016 wave). The
descriptive characteristics of the 6,020 participants are shown in Table 1. Of those participants,
276 (4.6%) had <5 hours/sleep week night, 1,538 (25.5%) had 5-6.5 hours of sleep/week night,
3,121 (51.8%) had 7-8 hours of sleep/week night, 647 (10.8%) had 8.5-9 hours of sleep/week
night, and 438 (7.3%) had >9 hours of sleep/week night. To make comparisons between those in
each sleeping time category for the descriptive characteristics, the means and 95% confidence
intervals (CI) are shown in Appendix 1. Those reporting 7-8 hours of sleep/week night had a
significantly lower proportion of functional limitation (67.5%; CI: 65.9%, 69.2%) compared to
older Americans in the <5 (84.7%; CI: 80.5%, 89.0%), 5-6.5 (73.1%; CI: 70.9%, 75.3%), 8.5-9
(76.5%; CI: 73.2%, 79.7%), and >9 (88.1%; CI: 85.1%, 91.1%) hours of sleep/week night
categories. Figure 1 presents the proportions of participants with functional limitation by hours
of nightly sleep.
Figure 2 depicts the results for the association between the sleeping time categories and
functional limitation. Compared to those engaging in 7-8 hours of sleep/week night, older
Americans with <5, 5-6.5, 8.5-9, and >9 hours of sleep/week night had 2.02 (CI: 1.26, 3.21),
1.25 (CI: 1.02, 1.53), 1.60 (CI: 1.21, 2.12), and 3.21 (CI: 2.12, 4.87) greater odds for functional
limitation, respectively.
Table 2 presents the results for the association between the sleeping time categories and
limitations in each aspect of functional. Those engaging in <5 hours of sleep/week night had
9

increased odds for limitations in each aspect of functional: 1.50 (CI: 1.03, 2.20) for instrumental
activities of daily living, 1.54 (CI: 1.02, 2.32) for general physical activities, 1.61 (CI: 1.07, 2.42)
for activities of daily living, 1.94 (CI: 1.28, 2.92) for leisure and social activities, and 2.14 (CI:
1.43, 3.21) for lower extremity mobility activities. Similarly, older Americans that had 8.5-9
hours of sleep/week night had increased odds for limitations in each aspect of functional: 1.31
(CI: 1.01, 1.68) for activities of daily living, 1.32 (CI: 1.03, 1.69) for lower extremity mobility
activities, 1.51 (CI: 1.15, 1.98) for general physical activities, 1.51 (CI: 1.16, 1.95) for leisure
and social activities, and 1.69 (CI: 1.32, 2.17) for instrumental activities of daily living.
Moreover, those indicating >9 hours of sleep/week night had increased odds for limitations in
each aspect of functional: 2.36 (CI: 1.74, 3.21) for lower extremity mobility activities, 2.49 (CI:
1.74, 3.55) for general physical activities, 2.62 (CI: 1.95, 3.54) for activities of daily living, 2.92
(CI: 2.20, 3.87) for instrumental activities of daily living, and 3.29 (CI: 2.48, 4.38) for leisure
and social activities. However, there were no significant associations for those engaging in 5-6.5
hours of sleep/week night and limitations in each aspect of functional.
DISCUSSION
The principal results of this investigation revealed that sleeping time was associated with
functional limitation in a national sample of older Americans. Specifically, those engaging in <5,
5-6.5, 8.5-9, and >9 hours of sleep/week night had 102%, 25%, 60%, and 221% increased odds
for functional limitation compared to those that had 7-8 hours of sleep/week night, thereby
representing a “U-shaped” sleeping time trend. A similar trend was observed when examining
the associations between sleeping time and limitations in each aspect of functional, such that
those who engaged in <5, 8.5-9, or >9 hours of sleep/week night had increased odds for
limitations in each aspect of functional. We suggest that health care providers discuss the
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importance of proper sleeping time for preserving function with their older adult patients. Older
adults should also incorporate healthy sleeping habits in their lifestyles for helping to preserve
functional capacity.
Our findings align with other previous investigations wherein chronic sleeping problems
and sleep quality were associated with functional limitations [12, 13]. Chronic sleeping problems
and sleep quality may influence sleeping time [31], which has also been shown to be associated
with functional deficits in older adults [32]. A different cross-sectional investigation revealed
that middle-aged Americans with a functional limitation had an elevated prevalence of sleep
disorders compared to those without a functional limitation [33]. These findings may suggest that
excessive sleep could be a consequence of functional declines in older populations. Given that
living with a functional limitation may lead to sleeping problems, and that our cross-sectional
analyses suggest under and over sleeping is associated with functional limitations, it is
challenging to determine how exactly sleeping time and functional limitations are associated.
Future research should examine the longitudinal and directional associations of sleep and
functional limitations, and if there are any other variables that may help to explain such
associations.
Approximately 26% of older Americans get less than seven hours of sleep each day [34].
Insomnia and related sleeping problems are influential for quality of life during aging, which
may also factor into social functioning. For example, a 3-year longitudinal study of 10,430
women aged 70-75 years determined that problems with sleeping were associated with poorer
social functioning [35]. Neuroticism and other similar personality characteristics have also been
shown to be predictive of poor sleep [36]. This may help to explain why our findings showed
that those in certain sleeping time categories had increased odds for a limitation in leisure and
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social activities. While under and over sleeping may influence an older adult’s ability to
complete leisure and social activities, sleeping time may also have implications on other aspects
of functional capacity.
Short and prolonged periods of sleeping time are associated with fatigue and lack of
physiological stressors such as physical activity [37, 38]. This may help to explain why our
findings demonstrated that those who could be considered under or over sleepers had greater
odds for limitations in more physically-driven tasks such as BADL, lower extremity mobility
activities, and general physical activities. Short and excessive sleep time is also associated with
lower cognitive functioning [39, 40], which may explain why our findings indicated sleeping
time was associated with limitations in neuropsychologically-driven tasks such as IADL.
Moreover, poor environmental and interpersonal factors are linked to sleep [41], which may
explain why our results suggest that those in certain sleeping time categories were associated
with limitations in leisure and social activities, even after adjusting for depression.
Our findings are also consistent with results that highlight the role of sleep in motor
memory consolidation [14, 15]. While memory consolidation may occur while awake [42], the
greatest portion of consolidation may occur preferentially or exclusively during sleep. For
example, sleep has been shown to enhance motor sequence learning in young adults, but this
effect is reportedly reduced in older adults [14]. This finding, when coupled with others [14, 15],
suggests that age-related changes in sleep or networks activated during encoding or during sleep
contribute to declines in motor sequence consolidation [16].
Indeed, our findings suggest that older Americans that engaged in <5, 5-6.5, 8.5-9, and
>9 hours of sleep/week night had increased odds for functional limitation relative to those with
7-8 hours of sleep/week night. A similar trend was observed when evaluating the sleeping time
12

categories and each aspect of functional limitation, such that those who engaged in <5, 8.5-9, and
>9 hours of sleep/week night had increased odds for limitations in each aspect of function. Our
results align with those indicating a “U-shaped” curve exists for the association between sleep
duration and health [43], and support public health programs aiming to highlight the health
benefits of sleep [44]. We suggest that healthcare providers communicate the importance of
optimal sleep for preserving function with their older patients. Likewise, older adults should
practice optimal sleep as a lifestyle behavior to help preserve function.
Some limitations should be acknowledged. The NHANES utilized a cross-sectional
design, and thus, we were unable to make longitudinal or cause-effect inferences. Although selfreport data are common in large population-based studies such as the NHANES, self-report
information is subject to bias. The 9 item Patient Health Questionnaire, a common measure of
depressive symptoms for NHANES studies, was also used in our investigation as a covariate.
However, the Patient Health Questionnaire item that inquires about “trouble with sleeping or
sleeping too much” may have overlapped with our explanatory variable. While other measures
for assessing functional limitations may exist, the NHANES utilizes the 19-item functional
limitation questionnaire. The NHANES only collects sleep data for weeknights, which may not
capture sleeping time during naps or weekend nights. However, total sleeping time and time
spend in bed generally does not change between weekdays and weekend days in older
populations [45].
Conclusions
The results of our investigation indicate that older Americans under and over the sleep
recommendations have greater odds of functional limitation. Similar findings existed when
evaluating the sleeping time categories and limitations in individual aspects of function. Sleep
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should be recognized as a factor that influences function and that a “U-shaped” sleeping time
trend appears to exist for the association between sleeping time and functional capacity. We
suggest that healthcare providers discuss the importance of sleep for health and functioning with
their older patients. Older adults should incorporate healthy sleeping behaviors in their lifestyles
for preserving function. Doing so may help to decelerate the disabling process in the rapidly
growing aging American population.
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FIGURE LEGEND
Figure 1. Proportions of Participants with Functional Limitation by Hours of Nightly Sleep.
Note: Hours of nightly sleep is rounded down to the nearest whole number.
Figure 2. Associations Between Sleeping Time Categories and Functional Limitation.
Note: The model was adjusted for age, sex, race and ethnicity, obesity, smoking status, diabetes,
self-rated health, and depression status.
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